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1. 


INTRODUCTION 


This  report  covers  work  performed  during  the  period  1 January  1976 
through  31  March  1976,  the  seventh  quarter  of  a 30-month  program  to  design 
and  build  an  Environment  and  Radar  Operation  Simulator  (EROS).  The  effort 
has  been  devoted  primarily  to  continuing  the  implementation  of  EROS  hardware 
and  software.  The  majority  of  the  digital  hardware  has  been  designed  to 
the  circuit  level  of  detail,  and  a few  of  the  major  units  have  been  com- 
pletely assembled  and  tested.  The  EROS  software  design  is  complete  to  the 
level  of  detail  in  which  the  major  programs  and  file  interfaces  have  been 
specified.  One  of  these  programs,  a routine  which  sorts  the  data  in  a 
disk  file,  has  been  coded  and  debugged.  Documentation  has  been  drafted 
specifying  how  the  EROS  operator  defines  target  and  clutter  scenarios. 

Investigations  have  continued  concerning  the  statistics  of  the  clutter 
synthesis  filters,  and  some  of  the  ensuing  results  are  reported  in  Section  2. 
The  EROS  implementation  decision  with  regard  to  radar  cross  section  scaling 
is  discussed  in  Section  3.  Section  4 describes  a reallocation  of  the  range- 
weighting range- integration  functions  from  the  digital  hardware  to  the 
analog  hardware. 
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2.  CLUTTER  DIGITAL  FILTER  ANALYSIS 


2.1  Introduction 

The  use  of  pseudo-random  numbers  and  2-pole  digital  filters  to 
produce  synthetic  radar  return  has  been  discussed  in  the  Third,  Fifth  and 
Sixth  EROS  Quarterly  Reports.  The  primary  component  of  the  random-noise 
input  to  the  filters  is  produced  by  a 31-bit  feedback  shift  register.  A 
secondary  noise  source, ^ which  is  unavoidable  but  which  must  be  taken 
into  account,  is  digital  truncation  in  the  outputs  of  the  filter's 
multipliers.  During  the  past  quarter,  investigations  of  the  synthetic 
clutter  statistics  have  continued.  A computer  simulation  of  the  shift- 
register  random-number  generator  has  been  written,  so  that  the  theoretical 
predictions  concerning  its  statistical  behavior  can  be  verified.  The 
effects  of  truncation  noise  were  studied  by  running  simulations  of  the 
shift-register  random-number  generator  with  the  digital  filter.  This 
effort  is  not  yet  complete,  and  the  results  will  be  described  in  a sub- 
sequent report. 


2.2  Shift  Register  Simulation 

The  state  of  the  shift  register  is  defined  by  a 31-bit  binary 
sequence  bgg  b29  • . . bp.  The  behavior  of  the  shift  register  is 
described  by  a transformation  rule  which  produces  the  new  bit  pattern 
b3o'  boq'  . . . bg'  from  the  given  bit  pattern  bjg  b29  . . . bg. 
Golomb's^  theoretical  development  suggests  three  such  transformation 
rules  for  the  31-bit  shift  register,  all  of  which  are  equally  recom- 
mended for  producing  the  desired  autocorrelation  statistics.  These 
transformations  are  described  by  the  formula 

l bi  - 1 1 > 0 

b.’  - (1) 

( b30  + bu  (mod  2)  i = 0, 

where  u * 2,  5,  or  12.  After  each  transformation  the  output  random 
number  p is  produced,  where 


*See  Section  2 of  the  Sixth  EROS  Quarterly  Report  for  a more  detailed 
^description  of  both  noise  sources. 

^Golomb,  Solomon  W. , Shift  Register  Sequences,  Holden-Day  Inc., 
Cambridge,  Mass.,  1967. 
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p 


(2) 


= (2  b0'  - 1>Y  . 


Thus  the  two  possible  random  outputs  are  +y  and  -y. 


If  p(0),  p(T),  ....  p (mT)  ...  is  the  sequence  of  pseudo- 
random outputs,  then  the  theoretical  behavior  of  the  autocorrelation 
function  R (mT)  is  described  by 


Rp (mT) 


2 

Y 


1) 


m * 0 


m ^ 0 


(3) 


An  experimental  verification  of  this  behavior  has  been  performed  by 
simulating  the  pseudo-random  number  generator  (with  y = 1)  on  the  PDP-11 
computer  and  by  calculating  the  autocorrelation  estimate 


s 

R (mT)  = ~ T]  p(iT)  p(iT  + mT)  , (4) 

P S 

i=l 

where  s is  an  integer  denoting  the  sample  size.  Table  I lists  the  cal- 
culation results  obtained  from  a sample  size  s of  106  for  lags  m = 5,  10, 
15,  . . .,50  and  for  the  three  feedback  bit  positions  u = 2,  5,  and  12. 

The  theoretical  value  Rp (non-0)  is  approximately  5 x 10  ^ or 
effectively  0 for  our  purposes.  The  deviations  from  0 in  Table  I are 
not  surprising,  because  we  would  expect  variations  from  the  mean  due  to 
the  finiteness  of  the  sample  size.  However,  to  determine  more  precisely 
whether  the  deviations  are  unexpectedly  large,  a statistical  test  has 
been  applied  against  the  hypothesis  that  the  expected  value  of  p(iT) 
p(iT  + mT)  equals  0. 

Since  p(iT)  p(iT  + mT)  assumes  only  the  two  values  + 1 and  - 1, 
the  hypothesis  of  0 expected  value  implies  that 

P[p(nT)  p(nT  + mT)  = 1]  = P[p(nT)  p (nT  + mT)  = -l]  = | 

where  P [predicate]  denotes  the  probability  that  "predicate"  is  true. 

Let  the  random  variable  x denote  the  number  of  + l's  in  the  sample 
{p (T)  p(T  + mT),  p(2T)  p(2T  + mT),  . . .,  p (sT)  p(sT  + mT)}.  The 
distribution  of  x is  the  well-known  binomial  distribution,  which  im- 
plies that  the  mean  and  variance  of  x are  sp  and  sp(l  - p),  respectively, 
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Ry  (feedback  bit  2) 


Ry  (feedback  bit  5) 


R (feedback  bit  12) 

y 0 


Figure  1.  Estimates  of  Autocorrelation  Function  with  Confidence  Limits 


where  p = P[ sample  = +1]  = -j  • It  is  well  known  that  the  binominal  dis- 
tribution with  a large  number  of  samples  (s  = 106  qualifies  as  a large 
number  of  samples)  is  closely  approximated  by  the  Gaussian  distribution. 

s 

The  statistic  — /J  p(iT)  p(iT  + mT)  is  a random  variable  y which  is 
S i=l 

related  to  x 

y = ^ [x  - (s  - x)]  = x - 1 , (5) 

and  is,  therefore,  also  Gaussian  distributed.  The  mean  y and  standard 
deviation  oy  are  computed  directly  from  the  mean  and  variance  of  x. 


a = — =10 

y /T 

Setting  the  test  for  significance  at  the  5 percent  level,'*'  it  is  observed 
from  a table  of  the  cumulative  Gaussian  distribution  function  that  95 
percent  of  Gaussian  samples  fall  within  the  interval  (y  - 1.94  a,  y + 1.94  o). 
In  other  words  the  95  percent  confidence  interval  for  this  experiment  is 
(-1.94  a , 1.94  a ),  and  the  only  observations  of  statistical  significance 
are  thos^  lying  outside  of  this  interval. 

Figure  1 is  a graph  of  the  data  from  Table  I with  the  confidence 
limits  superimposed.  Observe  that  29  of  the  30  observations  fall  within 
the  confidence  interval.  Even  the  one  observation  outside  of  the  confidence 
interval  is  not  surprising,  because  such  behavior  is  predicted  with  a 
5 percent  probability.  Therefore,  the  experimental  data  tends  to  support 
the  hypothesis  that  the  autocorrelation  properties  of  the  pseudo-random 
numbers  behave  according  to  theory.  A second  set  of  data  was  obtained 
using  a different  initial  bit  pattern  for  the  pseudo-random  number  gene- 
rator, and  the  results  were  similar. 


test  at  the  5 percent  level  means  that  the  probability  is  5 percent 
that  the  hypothesis  will  be  rejected  when  it  is,  in  fact,  true. 


6 


3.  RADAR  CROSS  SECTION  SCALING 


Recorded  target  signals  maintained  in  EROS  computer  storage  and 
synthetic  clutter  signals  generated  by  the  digital  filters  are  both 
represented  by  sequences  of  samples.  The  form  of  each  sample  is  a pair 
of  binary  words;  the  first  word,  I,  represents  the  in-phase  component  of 
the  sample  and  the  second  word,  Q,  represents  the  quadrature  component  of 
the  sample.  These  signals  will  hereafter  be  called  "unweighted  signals" 
to  draw  the  distinction  between  them  and  radar  return  signals.  The 
squared  amplitude,  I2  + Q2,  of  each  sample  in  an  unweighted  signal  is 
proportional  to  the  radar  cross  section  and  is  independent  of  the  posi- 
tion of  the  simulated  contributing  scatterers.  Subsequent  operations 
in  EROS  hardware  transform  unweighted  signals  into  synthetic  radar  return 
signals  by  introducing  azimuth  dependence,  performing  D/A  conversion, 
introducing  range  dependence,  adding  noise,  etc. 

~~2 

The  average  squared  amplitude  of  A of  an  unweighted  signal  (I  , Q^), 
(I„,  Q2).  ...»  (In»  Q ) is  proportional  to  the  average  radar  cross'1' 
section  a of  the  scatterers  being  simulated.  Thus 

0 ■ K„  *2  ■ Jj  (Ii2  + Qi2>  • <6) 

In  order  to  specify  K0  for  EROS  implementation  it  is  necessary  to  define 
the  numerical  interpretation  of  the  bit  patterns  that  represent  1^  and  Q^. 

It  has  been  found  convenient  to  interpret  each  pattern  as  a binary  ^ 
fraction,  where  the  sign  bit  is  immediately  followed  by  a binary  point. 

More  precisely  the  bit  pattern  b^  . . . b^  (b^  equals  0 or  1)  is 

interpreted  as  the  number  -b^  + (j)  + (^)  b£  + . . • + ("jr)  bffl.  With 

this  interpretation  K has  been  chosen  to  be  20000  such  that  o in  equation 
(6)  is  expressed  in  square  meters.  Therefore,  the  largest  radar  cross 
section  that  can  be  simulated  with  the  current  EROS  implementation  model 
approaches  20,000  square  meters. 


^For  example,  .see  Section  2.3  of  the  Fourth  EROS  Quarterly  Report 
and  Section  2.5  of  the  Fifth  EROS  Quarterly  Report. 
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The  application  of  equation  (6)  to  recorded  target  signals  is 
straight-forward.  The  average  squared  amplitude  of  the  recording  is 

1 2 2 

computed  as  — ^ (1^  + Q^  ).  Then  for  a given  target  simulation  with 

a specified  radar^cross  section  a,  the  recording  is  appropriately  amplified 
or  attenuated  in  order  to  satisfy  (6). 


The  unweighted  synthetic  signal  from  each  clutter  cell  consists 
of  two  parts,  the  reflections  from  immobile  scatterers  and  the  reflections 
from  moving  scatterers.  Equation  (6)  applies  to  both  parts. 


The  unweighted  synthetic  signal  from  immobile  scatterers  is  repre- 
sented by  a complex  constant  (I,  Q);  its  average  amplitude  A7  is  very 
simply  I2  + Q2.  To  simulate  a clutter  cell  whose  immobile  scatterers 
have  a combined  radar  cross  section  a,  A7  must  be  chosen  so  that 
a = 20000  A7. 


Two  real  digital  filters  are  used  in  EROS  implementation  to 
simulate  the  return  from  the  moving  part  of  clutter.  This  pair  of 
filters,  treated  as  a complex  digital  filter,  produce  a sequence  of 
signal  samples  (1^,  Q^) . In  the  Sixth  EROS  Quarterly  Report  the  sym- 
bol y was  used  to  denote  the  complex  random  process  described  by  the 
sequence  of  filter  outputs, ^and  formulas  were  derived  for  computing 
the  mean  and  variance  of  y.  The  mean  of  y,  which  is  not  necessarily 
0,  is  allocated  to  the  part  of  the  clutter  return  from  immobile  scat- 
terers. When  the  mean  of  y is  subtracted  out,  and  the  average  squared 
amplitude  of  the  remaining  signal  is  computed,  the  result  is  the 
variance  of  y.  Therefore,  to  simulate  a clutter  cell  whose  moving 
scatterers  have  a combined  radar  cross  section  a,  the  variance  sz  of  y 
must  be  chosen  so  that  a = 20000  s2. 


^ Ref er  to  Equations  (13)  and  (16)  in  Section  2.3  of  the  Sixth  EROS 
Quarterly  Report. 
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Analog  Range  Weighting 


The  problem  caused  by  the  conflicting  requirements  of  high  resolu- 
tion and  high  speed  in  D/A  conversion  has  been  a major  concern  in  the 
design  of  the  EROS  analog  interface.  Some  of  the  possible  solutions  to 
this  problem  were  treated  in  Section  4 of  the  Fourth  EROS  Quarterly 
Report.  This  section  contained  a proposed  compromise  solution,  which 
left  much  to  be  desired;  the  conversion  was  to  be  performed  with  two 
separate  D/A  channels  with  different  scale  factors  for  the  short  and 
long  radar  ranges.  One  of  the  approaches  which  was  rejected  in  the 
fourth  quarterly  report  involved  range  weighting  by  analog  multipli- 
cation after  D/A  conversion  instead  of  digital  multiplication  before 
conversion.  Although  the  baseline  EROS  design  approach  advocated  ex- 
clusively digital  computations  for  the  sake  of  accuracy  and  repeatability, 
the  advantages  of  analog  range  weighting  after  D/A  conversion  more  than 
compensate  for  the  loss  in  precision. 

In  the  generation  of  the  EROS  baseband  signal,  the  unweighted 
contributions  of  simulation  cells  defined  by  range  rings  and  azimuth 
columns  are  first  weighted  in  azimuth  and  summed  in  azimuth  along  each 
range  ring.  Then  the  azimuth  sums,  each  representing  the  contribution 
of  a single  range  ring,  are  range  weighted  and  summed  in  range.  The 
important  consideration  is  that  range  weighting  must  be  performed  prior 
to  range  summing.  Therefore,  if  range  weighting  is  to  be  performed  by 
analog  multiplication  after  D/A  conversion,  then  the  range  sum  must  be 
formed  by  adding  analog  signals  after  analog  multiplication.  This  sum- 
mation can  be  performed  in  an  analog  integrator. 

In  the  baseline  design  described  in  Section  2 of  the  Frist  EROS 
Quarterly  Report,  an  initial  range  sum  was  formed  for  each  transmitter 
modulation  interval,  and  new  sums  were  formed  as  the  modulation  pro- 
pagated through  each  successive  range  ring.  Each  new  sum  differed  from 
the  preceeding  sum  by  twice  the  range-weighted  contribution  of  the  cor- 
responding range  ring.  The  integrator  used  in  the  analog  summation 
technique  is  reset  to  an  arbitrary  fixed  level  at  the  time  of  each 
transmitter  modulation,  holds  at  a constant  value  through  range  rings 
containing  no  targets  or  clutter,  and  changes  value  in  each  simulation 
range  ring  by  an  amount  calibrated  to  be  equal  to  twice  the  weighted 
contribution  of  that  range  ring.  Thus,  the  output  of  the  analog 
integrator  is  identical  to  the  analog  output  of  the  baseline  design  ex- 
cept for  the  addition  of  an  arbitrary  constant.  This  constant  is  a DC 
level  corresponding  to  the  difference  between  the  integrator  reset  level 
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and  the  initial  range  sum  generated  in  the  baseline  design.  This  DC 
level  is  of  no  consequence,  because  of  the  bandpass  signal  coupling 
employed  in  the  radar.  Since  the  pass  band  does  not  extend  to  zero 
frequency,  a new  DC  level  is  established  at  the  mean  value  of  the  video 
waveform. 

There  are  a number  of  significant  benefits  of  analog  range 
weighting  and  integration.  These  are  enumerated  below  and  discussed 
in  more  detail  in  succeeding  paragraphs. 

° More  advantageous  use  of  D/A  converter  resolution 
° Simplification  of  digital  hardware 
° Simplification  of  software 
° Simplification  of  analog  hardware 
° Reduction  of  bit-switching  transients 
0 Elimination  of  artificial  saturation 

8 Simplification  of  adapting  EROS  to  other  forms  of  trans- 
mitter modulation 


Implementation  of  Analog  Weighting 


Twelve-bit  D/A  converters  are  available  with  speeds  adequate  to 
process  real-time  video  signals.  Three  such  converters  are  used:  (1)  to 

convert  sign  and  magnitude  of  In-phase  (I)  data  prior  to  range  weighting; 
(2)  to  convert  sign  and  magnitude  and  Quadrature  (Q)  data  prior  to  range 
weighting;  and  (3)  to  convert  magnitude  of  the  range  weight  values.  The 
analog  output  of  the  range  weight  D/A  converter  is  multiplied  by  the  I 
signal  and  by  the  Q signal  in  separate  analog  multipliers. 


For  video  signal  simulation,  digital  signals  representing  the  I 
and  Q content  and  range  weight  of  successive  range  rings  are  latched 
into  the  three  D/A  converters  at  100  nanosecond  intervals.  Outputs  of 
the  analog  multipliers  are  integrated  in  analog  integrators,  which  are 
reset  periodically  by  pulses  coincident  with  the  transmitter  modulation. 
Since  signals  from  all  range  rings  are  present  for  equal  time  increments, 
integration  with  respect  to  time  is  equivalent  to  algebraic  addition  of 
the  data  from  successive  range  rings.  The  integrators  are  also  quite 
effective  in  reducing  the  bit-switching  transients  that  are  inherent  in 
D/A  converters.  The  output  of  the  integrators  are  fed  into  variable- 
gain  video  amplifiers,  which  provide  calibration  and  the  addition  of 
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adjustable  simulated  receiver  noise.  Simple  band-pass  filters  are  used 
to  limit  the  video  signal  bandwidth  to  that  of  the  radar  preamplifier, 
and  to  further  attenuate  bit-switching  transients  that  originate  in  the 
D/A  converters. 

For  simulation  of  range-gated  Doppler  signals,  the  EROS  operator 
selects  one  of  the  64  range  rings  by  means  of  a knob  on  the  analog 
hardware.  Digital  signals  representing  the  I content,  Q content,  and 
range  weight  of  the  selected  range  ring  are  latched  into  the  D/A  con- 
verters at  the  transmitter  modulations.  The  range  integrators  have 
been  switched  out,  and  the  range  weighting  analog  multipliers  are  con- 
nected through  low-pass  filters  to  variable-gain  Doppler  output  amplifiers. 

The  present  method  of  analog  range  weighting  lends  itself  readily 
to  simulation  of  other  types  of  radar  modulation.  In  particular,  the 
bipolar  video  signal  of  conventional  pulse-Doppler  radar  differs  from 
the  AN/PPS-15  video  in  that  the  returns  from  a single  range  resolution 
cell  contribute  to  the  video  signal  at  any  given  point  in  the  interpulse 
interval.  This  signal  is  simulated  in  EROS  simply  by  switching  out  the 
range  integrator  and  adjusting  signal  and  noise  levels  appropriately  for 
the  parameters  of  the  radar  under  test.  The  range-gated  Doppler  signal 
for  pulse  modulation  and  for  the  AN/PPS-15  modulation  do  not  differ  in 
form,  and  only  the  adjustment  of  signal  and  noise  levels  is  required. 


4.3  Use  of  D/A  Converter  Resolution 

Three  high-speed  12-bit  D/A  converters  are  used  to  convert  I data, 
Q data,  and  range  weights.  Reserving  one  bit  for  sign  in  the  I and  Q 
converters,  the  remaining  11  bits  represent  2048  discrete  amplitude 
levels  which  are  proportional  to  the  square  root  of  instantaneous  RCS. 
Digital  scaling  has  been  chosen  such  that  RCS  up  to  20,000  m^  can  be 
represented  in  any  range  ring;  therefore,  the  smallest  non-zero  RCS 
that  can  be  represented  is  20,000/(2048)2  ± .005  m^. 

-4 

If  received  power  is  assumed  to  vary  as  R , then  12  bits  of  range 
weighting  are  sample  to  cover  ranges  from  60  m to  3000  m.  If  a range 
weighting  law  differing  from  R is  required,  it  may  become  necessary  to 
restrict  the  simulation  to  specified  range  intervals  or  to  rescale  the 
entire  problem.  This  limitation  is  reasonable,  because  few  targets  will 
be  detectable  at  maximum  range  if  received  power  drops  much  more  rapidly 
than  R-^. 


4.4  Hardware  Simplification 

The  change  to  analog  range  weighting  and  range  Integration  results 
in  a substantial  simplification  of  both  digital  and  analog  hardware.  The 


11 


baseline  EROS  design  required  four  high-speed  digital  multipliers  for 
range  weighting  and  four  adders  for  integration.  These  have  been 
replaced  in  the  revised  design  by  two  analog  multipliers  and  two  inte- 
grating capacitors.  The  integrating  capacitors  also  serve  the  important 
function  of  attenuating  the  converter  bit-switching  transients.  Eight 
guard  circuits  that  were  required  to  protect  against  overflow  in  the 
digital  multipliers  and  adders  have  been  eliminated.  Separation  and 
recombination  of  data  for  two  differently  scaled  range  channels  is 
eliminated.  Alarm  circuits,  previously  required  because  digital  satura- 
tion in  the  long-range  channel  occurred  at  a much  lower  signal  level 
than  natural  saturation  of  the  radar  receiver,  are  no  longer  required. 

The  number  of  D/A  converters  is  reduced  from  6 to  3,  with  an  accompanying 
reduction  in  the  number  of  input  latches,  output  filters,  and  calibration 
adjustments.  Mode  selection  for  simulation  of  other  types  of  modulation 
and  for  processing  video  or  Doppler  signals  is  simplified. 


4.5  Software  Simplification 

Digital  software  is  subsequently  simplified  by  relegation  of  the 
range  weighting  and  range  integration  operations  to  the  analog  hardware. 
Digital  scaling  of  range  weight  data  and  RCS  data  are  now  completely 
independent.  This  independence  reduces  the  constraints  on  recorded 
‘signal  levels  and  on  digital  filter  parameters;  the  reduction  of  con- 
straints in  turn  eliminates  a complicated  data  edit  function  in  the 
simulation  preparation  software.  Problems  of  digital  overflow  related 
to  range  weighting  have  been  avoided,  because  no  digital  arithmetic 
involving  range  weight  is  performed  during  simulation. 


4.6  Present  Status  of  Analog  Hardware 

Almost  all  of  the  components  required  for  construction  of  the 
analog  hardware  have  been  selected  and  purchased.  Circuits  combining 
D/A  converters,  input  latches,  analog  multipliers,  and  analog  integrators 
have  been  breadboarded  and  tested.  One  half  of  the  clock  synchronizer 
has  been  breadboarded,  and  is  being  used  in  the  laboratory  to  supply 
clock  signals  to  digital  circuits  as  they  are  developed.  Pre-Doppler 
and  post-audio  filters  have  been  tested.  Signal  insertion  and  extraction 
points  in  the  AN/PPS-15  radar  have  been  identified,  and  their  impedance 
levels  have  been  verified.  The  radar  interface  patchboard  has  been 
laid  out  for  construction. 


4.7  Next  Quarter  Plans 

During  the  next  quarter,  the  breadboard  video  and  Doppler  analog 
signal  circuits  will  be  expanded  to  include  output  amplifiers,  filters, 
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calibration  controls,  mode  selection  switches,  and  impedance  matching 
circuits.  Additional  synchronizer  circuits  will  be  constructed.  Bread- 
board combinations  of  the  A/D  converters  with  input  amplifiers  and  level 
setting  adjustments  will  be  assembled,  for  A/D  conversion  of  range  gate 
and  azimuth  position  voltages  and  recorded  target  signals.  The  radar 
interface  patchboard  will  be  constructed  to  provide  interconnection 
between  EROS  and  the  radar. 
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5. 


SUMMARY  OF  NEXT  QUARTER  PLANS 


The  implementation  of  the  EROS  feasibility  model  will  continue 
during  the  next  quarter.  Analysis  efforts  will  be  directed  toward 
specifications  for  computing  the  filter  scaling  multiplication  coefficient, 
taking  into  account  the  contribution  due  to  truncation  noise.  In  addition, 
analyses  will  be  performed  to  verify  the  spectral  behavior  of  the  filters. 
Most  of  the  digital  hardware  unit  assembly  and  unit  test  is  scheduled  for 
completion  by  the  end  of  next  quarter.  Programming  of  the  real-time 
software  will  continue  with  primary  emphasis  on  the  target  data  handling 
routine.  The  development  of  simulation  preparation  software  will  con- 
tinue, and  the  plans  include  writing  programs  for  clutter  reference  file 
maintenance  and  target  signal  recordings.  Implementation  of  the  analog 
hardware  will  continue,  and  plans  call  for  completion  of  the  radar- 
interface  unit. 
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